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Description 

This invention relates to pharmaceutical coating compositions, coated medical devices and mettiods of coating 
medical deuces. 

Many kinds of polymer compositions fiave been used in ttie field of medical supplies. Tliese compositions have not 
always exhibited anti-thrombogenic, anti-microbial. or other biocompatible characteristics when used in prosthetic and 
therapeutic apparatuses for handling or being in contact with blood or blood components or other bioresponse under 
conditions where clotting would tend to occur, such as artificial blood vessels, catheters, artificial hearts, fluid dranage, 
suction/aspiration and arlif idal kidneys. 

When blood is brought in contact with metal, glass, plastic or other similar surfaces, it tends to clot in a short time 
unless certain precautions are taken. One common precaution cun'ently in widespread use is tfie treatment of the sur- 
face with heparin or with h^jarin reacted with quaternary ammonium compounds. Such heparin compounds are known 
to have anti-coagulant effects when in contact with blood. The presence of the aforementioned heparin compounds on 
the surface imparts anti-thrombogenic characteristics. However, previously known heparinization or compositions have 
not been adequate because of the short time of anti-ttirombogenic activity, at most a few days in vivo (I. S. Hersch, et 
al, J. Biomed., Mater. Res. Symposium I, 99-104 (1971); K. Artplatz, "A Simple Non-Thrombogenic Coating". Invest. 
Radiology, July, August, 1971. Vol. 6) or because the anti-thrombogenic characteristic was reduced to a very low level 
in order to make it resistant to removal by reacting it with quaternary ammonium polymers (U.S. Patent 3.844,989). 

An object of the present invention is to provide novel pharmaceutically-coaled surfaces which contain pharmaceu- 
tical agents which are ent-ained in Uie surface in such a way as to be gradually released in vivo to provide effective 
action over a longer time tiian was previously possa)le when using these ag«its. Typical agents useful in this embodi- 
ment of tiie invention include penicillins, cephalosporins, aminoglycosides, quinolones. sulfonoamides. tetracyclines, 
etc. While effective anti'-miaobial agent concentrations are achieved near the coated device surface, low systemic lev- 
els result, unlike where systemic antibiotic administration is required to combat infections caused by an implanted 
device. The compositions of the invention provide excellent properties for use as medical materials for coatings on arti- 
ficial blood vessels, catiieters. artificial hearts, artificial kidneys, etc. 

SUMMARY OF THE INVENTION 

EP-A-0328421 relates to infection-resistant compositions, medical devices and surfaces and methods of preparing 
and using the same, the polymers used being oolyurettiane, silicone and biodegradable polymers. 

WO-A-90/03768 relates to biodegradable polymers which are copolymers of thermoplastic and thermosetting pol- 
ymers. 

WO-A-8g/0S138 relates to a metiiod of forming bioerodible inplants for controlled drug release, the used being 
selected from polyanhydrides, polyesters, polyorthoesters, polyamides. polyurethanes, polyacrylontiiles and polyphos- 
phazenes. 

US-A-41 27647 discloses a solution for use in spray drying, comprising 9-acetyl-3"-acetylmidecamycin dissolved in 
chloroform and containing hydroxypropylmethyi cellufose phttialate as a stabilizing substance. 

SUMMARY OF THE INVENTION 

The present invention is defined in the claims of this specification, to which reference should now be made. 

The pharmaceutical agent compositions (mixtures) of this inventton comprise pharmaceutical agents that are not 
reacted with ionic surfactants, providing that they have the appropriate solubility profile namely that they are soluble in 
organic solvents. They may also contain some h^rophilic polymers, but ttie mixture would still be water-insoluble after 
coating and drying. The water-insoluble cellulose ester polymers of this invention range from hydrophobic polymers to 
ones ttjat are fairly hydrophiiic, but are nevertheless essentially water-insoluble after being coated on a siiastrate and 
dried. A single polymer or mixture(s) of different polymers m^ be used to acconplish the invention. The pharmaceuti- 
cal agent may be mixed in a solutfon with the water-insoliijle polymer, or it may be coated on top of a coating of the 
water-insoluble cellulose ester polymer(s), which is applied to ttie surface beforehand. In the latter case, a solvent must 
be added ttiat is a mutual solvent for botti the pharmaceutical agent and ttie waternnsoluble cellulose ester polymer(s) 
so ttiat some mixing occurs between ttie two layers. In stiD anoUier case, it is possible to coat ttie pharmaceutical agent 
direcUy on the water-insoluble plastic surface, and incoqwrate a mutual solvent for botti ttie plastic surface and ttie 
pharmaceutical agent, so ttiat some mixing occurs between ttie plastic surface and ttie pharmaceutical agent. 

Various combinations of these ttiree systems would be obvious to one skilled in flie art. The mixtures of ttie water- 
insoluble cellulose ester polymer(s) and pharmaceutical agents of this invention are substantially more resistant to 
removal or deactivation in human and animal body fluids such as Wood or plasma than the pharmaceutical agents by 
themselves. 
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Typical exanples of water-insoluble cellulose ester polymers suitable for use with the present invention are as fol- 
lows: cellulose acetate, cellulose acetate butyrate. cellulose acetate propionate, and cellulose nitrate. Optionally, poly- 
urethane resins including polyether and polyester grades may also be present Exemplary of the polyurethane is the 
reaction product of 2,4-tolylene diisocyanate and position isomers thereof. <t,4'-dphenytmethane dilsocyanate and posi- 

5 lion isomers thereof, polymethylenepolyphenyl isocyanate, or 1 ,5-naphthylene diisocyanate with 1 .2-polypropylene gly- 
col, polytetramethylene ether glycol, 1,4-butanediol, 1,4-butylene glycol, 1,3-butylene glycol, poly{1,4- 
oxybutylene}glycol, caproiactone. adipic acid esters, phthalic anhydride, ethylene glycol. 1.3-butylene glycol, 1,4-tjuty- 
lene glycol or diethyiene glycol. Acrylic polymers such as ethyl and methyl acrylate and methacrylate; condensation pol- 
ymers such as those produced by sulfbnoamides such as toluenesulfonamide and aldehydes such as formaldehyde; 

10 and Isocyanate compounds may optionally also be present Exemplary of the isocyanate compounds are polymethyl- 
enepolyphenyl isocyanate, 4,4'-diphenylmethane diisocyanate and position isomers thereof, 2,4-tolylene diisocyanate 
and position isomers thereof, 3,4-dichlorophenyl dBsocyanate and isofen'one isocyanate. Adducts or prepolymers of 
isocyanates and pdyt^s such as the adduct of trimethylolpropane and diphenylmethane diisocyanate or tolylene diiso- 
cyanate are suitat)le. For further examples of polyisocyartates, see "Encyclopedia of Polymer Science arxl Techrralogy', 

,s H. F. MarK N. G. Gaylotd and N. M. Bikales (eds.) (1969). 

DETAILED DESCRIPTION OF THE INVENTION 

The compositions of the present invention are first dissolved in sdveit mixtures that are co^olvents for the mix- 

20 tures of non-volatile components and which allow compatible honrogenous films of the conponents to be cast Such 
films when dried will typically appear as a clear film or films of very slight tuibidity indicating that the non-volatile com- 
ponents have been deposited in a sid>stantially homogenous manner. Typical solvents conprise alcohols, ketones, 
esters, aromatics, pyrrollidones, caiboxylic acids, amides, and other organic solvents used alone or in appropriate mix- 
tures as required, and which bring about the basic conpatibility of the non-voiafile components to be expressed. Typical 

!s surfaces which can be coated include plastic, metal and glass. 

In most cases, all the components of the coating composition are incorporated into a single solution so that the sur- 
face treatment can be accomplished with a single application. However, the treatment can also be applied in two steps. 
For example, the water-insoluble cellulose ester polymer(s) can be applied in one application and the pharmaceutical 
agent can be applied to the water-insoluble polymer. Some mutual solvent(s) for the water-insoluble polymer and the 

30 pharmaceutical agent that makes two components compatible should be included in the overcoat application to accom- 
plish the objective of the invention. For example, dimethylac^amide (DMA) effectively accomplishes this objective as 
shown in Example 1. A variant on ttiis approach would involve application of the water-insoluble cellulose ester poly- 
ma'(s} followed by application of a solution containing some water-Insoluble cellulose ester polymer and some pharma- 
ceutical agent, some of which may also be added to the first application. Typical concentrations of pharmaceutical agent 

35 In the coating solutions range from about 0.1% to 20% by weight Preferred concentrations range from 0.5% up to 4%. 
Use of higher concentrations of pharmaceutical agents in the solutions does not enhance performance and is therefore 
" not very useful or desired. Lower concentrations than those disclosed above reduce the activity levels of the layers. 

Typical concentrations of the water-insoluble cellulose ester polymers in the coating solution range from about 
0.01% to 20% by weight. Prefenred concentrations range from about 0.2% to 3%. Higher concentrations tend to mask 

40 the efficacy of tiie layers. Lower concentrations tend to allow the layer to be extracted more easily. The conposition of 
the final coating may have the pharmaceutical agent present in a concentration of about 0.5 to 99.5 percent by weight 
with the balance of the composition comprising essentially the water-insoluble cellulose ester polymer. 

ANTI-THROMBOGENICITY TEST 

45 

The following In vitro test was used to evaluate anti-thrombogenidty : 1 0mm x 75mm glass test tubes were charged 
with 0.5 gm of reconstituted human plasma which had been kept refrigerated since collection. TTie test tubes were 
equilibrated in a 37'C incubator for 1 0-30 minutes. Next 0.1 g of 0.1 0 M CaCt was added, and the test tube was man- 
ually swirled to achieve complete mixing. Immediately after swirling, 4-1/2" (114 mm) long sections of 7 French tobing 

so (either coated with one of the anti-thrombogenic systems of the present invention, or uncoated controls) were dropped 
into the plasma in each tube, taking care to ensure that the sample pieces were completely immersed in the plasma. 
The tubes were maintained in the 37°C incubator and were checked ftH' clotting at one minute intervals by removing 
them from the incubator and tilting ihem. Before clotting, the liquid flows in the test tube, but it gels and does not flow 
once it has clotted. Typical clotting times for plasma containing untreated polyurethane tubing range from six minutes 

55 to 15 minutes. Samples made according to ttiis invention prevent clotting in Uiis test. It was found ttiat if the plasma did 
not clot after standing overnight, it would usually not clot for up to four weeks. Therefore, tests were usually discontinued 
if ttiey had not clotted after standing overnight. Typical samples prepared by ttiis invention did not dot when tested 
before plasma extraction, and retained their anti-dotting activity after 28 or more days of extifacb'on in plasma. Devices 
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coated with heparin-benzalkonium chloride or heparin-tridodecylmethytammoniuni chloride do not dot when tested 
before extraction in plasma, but lose their anti-thrombogenicity after plasma extraction of two hours or less. Heparinized 
quaternary polymers (HQP), such as those prepared according to U.S. Patent 3.844,989 and used on catheters marked 
under the trademark ANTHRON by Toray Medical Co. Ltd., show only slight anti-thronibogenidty. For example, when 
tested against heparin-benzalkonium chloride (HBAC). the HBAC sample prevented clotting of the plasma overnight, 
while the control clotted in five minutes and the HQP sanple dotted in seven minutes before plasma extraction, and 
showed no improvement in anti-thrombogenicity compared to the untreated polyurethane control after 12 hours of 
plasma extraction. 

In the following examples, Exanples 19 to 22 are in accordance with the present Invention. The remaining exam- 
ples are for comparison or reference purposes. 

Example 1 

Polyurethane 7 French tubing was coated with a solution containing the following ingredients and dried for 20 min- 
utes at GS'C. 



Polyvinylpyrrolidone 


.006 g 


Isopropanol 


1.0 g 


Nitrocellulose 


1.6 g 


Ethylacetate 


1.2g 


Rosin ester 


•5g 


Butylacetate 


4.8 g 


Dimethylacetamide 


1.5g 


Ethyl-3-ethoxy propionate 


6.1 g 



"TTie tubing was then overcoated with a solution containing the following ingredients and then dried for 20 minutes 
ateS'C. 



Isopropanol 


9.85 g 


Dimethylacetamide 


1.00 g 


Heparin-benzalkonium chloride 


.15g 



This sample was compared to a sample of polyurethane tubing which was coated with h^iarin-benzalkonium chlo- 
ride (1 .8% w/v in isopropanol) as follows. The samples were dipped in a Gentian VkJiet dye solution and then rinsed in 
hot running water. The sample coated with heparin-benzalkonium chloride (HBAC) in isopropanol lost most of the sur- 
face dye stain In less than 20 seconds, indicating that most of the HBAC had been washed off. The sample of the 
present invention that had the nitrocellulose undercoat and contained DMA in the HBAC overcoat, retained the dye 
stain much longer indicating that it is much more resistant to removal. 

Example 2 

Polyurethane 7 French tubing was coated with a solution consisting of: 



Methytethylketone 
Heparin-benzalkonium chloride 



5.0 g 
0.33 g 
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(continued) 


Isopropanol 


3.7 g 


Ethyl-3-ethaxy propionate 


.6g 


Butyl acetate 


■5g 


1/2 sec. nitrocellulose 


.16 g 


Ethyl acetate 


•ig 


Rosin ester 


.05 g 



The samples were dried at VS'C for 30 minute& Samples were then extracted in human plasma at 37°C for 7, 10, 
21 , or 28 days and then tested for anti-clotting properties. The following results were obtained. 



75 





Sample 


Clotting time 




Uncoated control 


12 minutes 




Above sample, without extraction in plasma 


Did Not Clot 




Above sample, after 7 days extraction in plasma 


Did Not Clot 




Above sample, after 10 days extraction in plasma 


Did Not Clot 


25 


Above sample, after 21 days extraction in plasma 


24 minutes 


Above sample, after 28 days extraction in plasma 


20 minutes 



The above results show that the samples are still exhibiting effective anti-clotting activity on the device surface 
where it is most needed and that clots are unlikely to form on the treated surfaces, even after 28 days of extraction. This 
level of anti-clotting activity is stronger even after 28 days of plasma extraction than the anti-dotting levels achieved 
under these test conditions with surfaces treated according to the compositions taught by U.S. Patent 3,844,989. 



The following solution was coated on polyurethane 7 French tubing and dried at 75°C for 20 minutes. 

Methylethylketone . 5 g 
8.3% heparin-benzalkonium chloride 

in isopropanol 5 g 

Cellulose Acetate Butyrate - 3A solution* 1.5 g 

*3A solution 

Ethyl-3-ethoxy propionate . 30.3 g 

Butylacetate 24.2 g 

Ethyl acetate 6.1 g 

Rosin ester 1-5 g 

Isopropanol 3.5 g 
1/2 sec. Cellulose acetate 

butyrate 8.0 g 
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Coated sanples were tested for anti-dotting activity, and also tor resistance to removal by dyeing with Gentian Vio- 
let dye and then rinsing with hot running water. The sanple was compared to a coating of h^iarin-benzalkonium chlo- 
ride without any cellulose ester polymer additive. 
5 Results: The sample did not dot in the dotting lest In the hot water rinse test, the heparin-benzaltonium chloride 
coating without cellulose resin was completely removed in a few seconds. Hot water rinsing did not remove the above 
coating which contained cellulose acetate butyrate polymer. 

Example 4 

10 

Polyurethane 7 French tubing was coated as in Example 3 except that cellulose acetate butyrate was replaced with 
cellulose acetate propionate. The sanple was tested for anti-clotting activity and resistance to removal in hot water. 
Results were comparable to those with Example 3. 

15 Example 5 

Polyurethane 7 French tubing was coated with the following solution and dried at SO'C for 20 minutes. 



20 


Me thylethyl ketone 




5 


g 




8.3% heparin-benzalkonium chloride in 










isopropancl 




4 


g 


25 


Cellulose acetate propionate 5A solution* 




2 


g 




*5A solution 










Ethyl-3-ethoxy propionate 


30. 


3 


g 


30 


Butylacetate 


24. 


2 


g 




Ethyiacetate 


6. 


1 


g 




Rosin ester 


2. 


5 


g 


35 


Isopropanol 


3. 


5 


g 




1/2 sec. cellulose acetate propionate 


8. 


0 


g 



40 The coated sample was extracted in plasma at 37«C for four hours and tested for anti-microbial activity by pressing - 
it into gelled Difco Plate Agar which was spiked with Staphylococcus epkfermidis (ATCC 12228) and then incubated 
overnight at 32-3S°C. A sample oi polyurethane tubing that was coated with heparin-benzalkonium chloride without cel- 
lulose polymer was extracted in plasma at 37°C for four hours for comparison. The sample which contained cellulose 
acetate propionate (CAP) polymer showed a signiffcant zone of inhibition while the sample made without CAP resin 

45 showed no zone of inhibitksn, demonstrating that the incorporation of cellutose ester polymer effectively Inaeases 
resistance to removal of the coating when extracted in human plasma. 

Example 6 

so Example 5 was repeated, except that the solution contained 1 .5 gm of 1 0.7% (wt. %) nitrocellulose solution in place 
of the 2.0 grams of 10.7% (wt. %) CAP solution. Samples of polyurethane tubing coated with this solution were 
extraded in plasma at 37°C for four hours or 1 8 hours. They were then tested for anti-miaobial activity using the same 
zone of inhibition test as used in Example 5. The tests showed zones of inhibition after both extiadion intervals. The 
sample exti-acted for four hours has a larger zone of inhbition than the sample that was extracted for 18 hours. 

55 

Example 7 



The following solution was coated on polyurethane 7 French tubing and dried at 80°C for 20 minutes. A contrd was 
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made by coaling a sample o1 the lubing with a 5% wAr solution of Tridodecylmethylammonium chloride (TDMAC). 



He thylethyl ketone 

8.3% heparin-benzalkonium 

isopropanol 
7a solution* 



5 g 

chloride in 

4 g 

1.5 g 



*7A solution 

Ethyl-3-ethoxy propionate 30.3 g 

Butylacetate 24.2 g 

" Ethyl acetate 6.1 g 

Rosin ester 2. 5 g 

Isopropanol 3.5 g 

20 1/2 sec. Nitrocellulose 8.0 g 



Both samples were then immersed for 30 minutes in a 5% aqueous solution of penicillin G and then air dried over- 
25 night. The coated samples were then extracted for 18 hours in human plasma at 37°C. TTiey were removed from the 
plasma, rinsed in running deionized water and then tested for anti-miaobial activity as in Example 5. The sample con- 
taining nitrocellulose showed a strong zone of Inhibition while the sample without nitrocellulose showed no zone of inhi- 
bition. 

30 Example 8 

Example 7 was repeated, except that TDMAC was added to the coating solutions as follows: 



Example 8 
Example 8A 



.025 gm TDMAC added 
.075 gm TDMAC added 



Both samples showed a strong zone of inhibition after the 18 hours plasma extraction and appeared to be substan- 
tially comparable to Example 7. 

Example 9 

Polyurethane 7 French tubing was coated with the following solution. 



H^rin tridodecylmetiiylammonium chloride 


0.2 g 


lsopr<^nol 


2.6 g 


Methyiethylketone 


2.5 g 


7A Solution 


0.7 g 



This coated sample was tested for clotting and did not clot. It was very resistant to removal in hot running water. 
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Example 10 

Polyurethane 7 French tubing was coated with a solution containing the following ingredients and dried at ambient 
temperature for 60 minutes: 



Methylethylketone 


5.3 g 


Heparin-benzalkonium chloride 


0.31 g 


Isopropanol 


3.4 g 


Acrylic resin 


0.2 g 


Rosin ester 


0.2 g 


Tridodecylmethylammonium chloride 


0.4 g 


Xylene 


0.14 g 


Butanol 


0.05 g 



Samples were then extracted in plasma at ZTC for 4, 24 and 120 hours and compared to uncoated polyurethane 
tubing for anti-clotting activity. The results were as follows: 



Sample 


Clotting Time 


Uncoated control 

Above sample, without extraction in plasma 
Above sample, after 4 hours extraction in plasma 
Above sample, after 24 hours extraction in plasma 
Above sample, after 120 hours extraction in plasma 


9 minutes 
Did Not aot 
Did Not Clot 
Did Not Clot 
Did Not Clot 



The above coated sample was resistant to removal by hot running water. 
Example 1 1 

Polyurethane 7 French tubing was coated with a solution containing the following ingredients and dried 15 minutes 
at75°C: 



l\4ethylethy)ketone 


5.6 g 


Heparin-benzalkonium chloride 


0.33 g 


Isopropanol 


3.5 g 


Polyurethane resin 


0.24 g 


Polyisocyanate resin 


0.19 9 


Ethyl acetate 


0.19 g 



Samples were extracted in plasma at ZTC for 72 hours and then tested for anti-dotting properties. A sample of 
polyurethane tubing which was coated with heparin-benzalkonium chloride (1.8% w/v in isopropanol) was also 
extracted in plasma at 37°C for 72 hours for comparison. The following results were obtained: 



EP0626854B1 



Sainple 


Gotta'ng Time 


Unooated cxintrol 

Above sample, after 72 hours extraction in plasma 

Sample coated with heparin-benzalkonium chloride in isopropanot, 

after 72 hours extraction in plasma 


13 minutes 
Did Not Clot 
7 minutes 



The above coating was also resistant to removal by hot running water. 
Example 12 

Polyurefhane 7 French tubing was coated with a solution containing the following ingredients and dried for 20 min- 
utes at 70°C. 



Methylethyiketone 


5.9 9 


Heparin-benzalkonium chloride 


0.32 g 


Isopropanol 


3.5 g 


Polyurefhane resin 


0.14 g 


Polyisocyanate resin 


0.07 g 


Ethylacetate 


0.07 g 



■ Samples were then extracted in human plasma at 37''C for 3. 24, and 48 hours and then tested for anti-clotting 
properties. The following results were obtained: 



Sample 


Clotting Time 


Uncoated control 

Above sample, after 3 hours extraction in plasma 
Above sample, after 24 hours extraction in plasma 
Above sample, after 48 hours extraction in plasma 


8 minutes 
Did Not Clot 
Did Not Clot 

9 minutes 



Example 13 

Polyurefhane 7 French tubing was coated with a solution containing the following ingredients and dried for 20 min- 
utes at 70''C. 



Methylethyiketone 


6.1 g 


Heparin-benzalkonium chloride 


0.32 g 


Isopropanol 


3.5 g 


Polyurefhane resin 


0.07 g 
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(continued) 



Pdyisocyanate resin 
Ethylacetate 



0.04 g 
0.04 g 



Coated tubing was then extracted in plasma for 3 and 24 hours and then tested for anti-dotting behavior. The foi- 
lowing results were d 



Sample 


Clotting Time 


Uncoated control 

Above sample, after 3 hours extraction in plasma 
Above sample, after 24 hours extraction in plasma 


8 minutes 
Did Not Clot 

9 minutes 



Example 14 

Polyurethahe 7 French tubing was coated with a solution containing the following ingredients and dried for 20 hours 
at55-C. 



Heparin tridodecylmethylammonium chloride 


0.32 g 


Dimethylacetamide 


6.2 g 


Toluene 


2.0 g 


Petroleum ether 


1.5g 



The coated tubing was extracted in human plasma at 37°C for 1 , 2. 3 and 6 days and then tested for ant-clotting 
properties. 



Sample 


Clotting Time 


Uncoated sample 

Above sample, after 1 day extraction in plasma 
Above sample, after 2 days extraction in plasma 
Above sample, after 3 days extraction in plasma 
Above sample, after 6 days extraction in plasma 


10 minutes 
Did Not Clot 
Did Not Clot 
Did Not Clot 
Did not Clot 



The preceding examples, together with controls, show dearly that heparln<]uaternary ammonium compounds and 
other pharmaceutical agents that are not polymeric can be made more resistant to removal or deactivation in various 
body fluids such as whole blood or plasma pnduding human) by mixing with appropriate water-insoluble polymers. 
Coatings made from normal heparin-quaternary ammonium compounds by themselves using solvents that do not 
cause mixing with the substrate, such as heparin-benzalkortum chloride, or heparin tridodecylmethylammonium chlo- 
ride show little anti-thrombogenidty after soaking in human plasma for only a few hours. TTie heparin-TDMAC com- 
pound continues to show anti-thrombogenicity somewhat longer than the benzalkonium chloride conpound, but both 
exhibit almost no anti-thrombogenidty after soaking in human plasma for a few hours. The incorporation of vrater-insol- 
uble polymers according to the Present invention, and as shown in the exanples, greatly extends the time for which 
coating samples can be soaked in human plasma and still show substantially levels of anti-thrombogenidty. For 
instance, some samples were found to show anti-thrombogenicity even after soaking in human plasma for 28 days. 

On the other hand, when quaternary ammonium polymers are reacted with heparin, the coating remains on the 
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surface even after long periods of soaking in body fluids such as human plasma, but the anli-thrombogenicity is not as 
strong either before soaking or after soaking for up to 28 days in human plasma, as in the samples made according to 
this invention. It is further noted that by water-insolubte polymers we are implying that they are water-insoluble after a 
film is cast and dried, and include water-insoluble polymers that may be hydrophilic, but nevertheless cause the 
heparin-quaternary ammonium compounds to remain anti-thrombogenic after prolonged soaking in body fluids. 

It has been found that it is possible to react an antibiotic or other pharmaceutical agent sudi as penicillin, ticarcillin. 
cefotoxin. cephalosporins, oxacillin, and carbonidllin that contains a positive inorganic ion such as sodium with a qua- 
ternary ammonium compound such as benzalkonium chloride or (TOMAC} to produce an ionic antibiotic that is soluble 
in organic solvents and is misdble vrith hydrophobic water insoluble polymers. In this case, the resulting polymer mix- 
ture would not contain an anti-thrombogenic agent such as heparin. H is also possible to react other antibiotics or phar- 
maceutical agents that contain a negative ion such as chloride witii surfactants that contain a negative aganic ion such 
as sodium laurylsulfate to again convert a water soluble antimiaobial agent or other pharmaceutical agent into one that 
is soluble in organic solvents and misdble with hydrophobic water insoluble polymers. In accordance with the invention, 
it is.possiWe to incorporate pharmaceutical agents wittiout reaction with ionic surfactants if the pharmaceutical agent 
has low water solubifity and is soluble in organic solvents and misdble wiUi the water insoluble ceHulose ester polymers 
of the present invention. When these organic solvent soluble agents are mixed with polymers of this invention, they can 
be rendered much more resistant to removal in plasma from tine surface of an artide coated with them than if they are 
coated on the surface without the polymer. 

By using antibiotics or other pharmaceutical agents that are soluble in organic solvents, or by making the antibiotic 
or other pharmaceutical agent soluble in organic solvents and misdble with the water insduble cellulose ester polymers 
of tiiis invention, it makes it possible to incorporate useful pharmaceuticals such as antibiotics onto medical devices at 
the time of manufadure. The pharmaceuticals are available at the surface of the device in efficadous concentrations, 
over a useful period such as several days to weeks. At the same time, while the pharmaceuticals are present in useful 
concentrations where ttiey are wanted on the device surface, they are not present in high concentration systematically 
so that typical side effeds noniially associated witti various pharmaceuticals are unlikely. 

The polymer can be n^xed with the pharmaceutical agent and then coated, or «ie polymer or agent can be coated 
first and then overcoated witti the other agent The single coating of a mixture of polymer and pharmaceutical agent 
would normally be preferred because it would involve only a single coating and because the ratio of pharmaceutical 
agent to polymer can be controlled more precisely. Such mixtures of pharmaceutical agents and polymers would not be 
anti-thrombogenic unless they also contained an anti-thrombogenic agent such as heparin. However, tiie coatings do 
show strongly the desired effect of the incorporated pharmaceutical agent such as arti-mcrobial activity. The presence 
of certain polymers also has the added benefit of enhandng tiie stability of the pharmaceutical agent to a sterilization 
process such as exposure to ettiylene oxide. 

The pharmaceutical agent is preferably present in a concentration of about 0.5% to 99.5% by weight with Uie bal- 
ance preferably comprising flie water-insoluble polymer. The concenti-ation of the water-insoluble polymer is typically 
about 0.01% to 40% by weight and the concenti-ation of antimiaobial-surfadant compound is about 0.01% to 40% by 
weight of the coating solution. 

The following example demonsti-ates how tine system works. 

In Examples 15-18, ^"C-penicniin G sodium salt was readed with tridodecylmethylammonium chloride (TDMAC) 
using procedures similar to those previously described in the Background Of The Invention, see A. AmplaU, "A Simple 
Non-Thrombogenic Coating", Invest Radiology, July, August, 1971, Vol. 6. 

A typical method of preparation for the pharmaceutical agent-TDMAC compounds of the present invention is as fol- 
lows: 

Seventeen grams TDMAC is dissolved in 60 ml isopropanol, and dQuted witii 40 ml distilled water. Next, dissolve 
1 0 grams of the sodium salt of the pharmaceutical agent (SPA) in 100 ml distilled water. Mix equal volumes of both liq- 
uids and shake vigorously for ten or so seconds to ensure corrplete mixing and reaction. 

Next vacuum filter over filter paper, collect the compound off the paper, and place in a centi-ifuge jar with 1 volume 
of water, shake for 30 minutes, and vacuum filter again on fitter paper. The wash is repeated twice more. The SPA- 
TDMAC is dried in an oven at 60*C. 

Using tfiis basic procedure, it is obvious to one skilled in the art tiiat organic salts can be made from many or nrost 
ionic pharmaceutical agents by mixing them togeUier witti an appropriate ionic surfactant and washing out the water- 
soliAle salt residue with water. These compounds are soluble in organic solvents and typically have very low solubflity 
constants so that when mixed wth Uie polymers of Utis invention, constant and efficadous concentrations of ttie phar- 
maceutical agent (5) will be available on the coated surface in vivo over an extended period. 

The resultant ^^C-penidllin-TDMAC prepared by the above method is soluble in various organic solvents and has 
exfemely low water solubBity but is still ionic. The ^''C-pendllin-TDMAC was then mixed witti seleded polymers and 
coated on botti silicone and polyurettiane tubing. TTie coatings were ttiai extracted in plasma for one day or 5 days and 
compared to non-extraded samples by sdntillation counting to determine how much penidllin remained on the surface 
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in the coating after extraction. Some samples were exposed to an ethylene oxide sterilization cyde and tested by zone 
of inhibition, to show whether the polymer inproved the resistance of the antibiotic to degradation when exposed to eth- 
ylene oxide. 

5 Example 15 

The ^^C-penicillin-TOMAC was mixed with cellulose nitrate dissolved in a solvent mixture containing ethanol. iso- 
propanol, ethylacetate and toluene. The solution has the following composition: 

10 



Nitrocellulose 


1.8 g 


Isopropanol 


•8g 


Toluene 


24.3 g 


Ethyl acetate 


5.1 g 


Camphor 


•5g 


Dibutylphthalate 


•7g 


i*C-penicillin-TDMAC 


2.0 g 



The solution was coated on both silicone and polyurethane tubing and dried. Some coated samples were then 
25 extracted in plasma for 24 hours or five days. After plasma extraction, the samples were measured by scintillation count- 
ing and were compared to unextracted samples to show how much ^^C-peniclllin-TDMAC remained. The following 
results were obtained. 



so 





Not Extracted 


After 24 hrs. Extraction 


After Five Days Extrac- 








tion 


Silicone tubing 


48^g/cm2 


30 jig/cm^ 


Bjig/cm^ 


Polyurethane tubing 


36ng/cnf 


43 (ig/cm^ 


38 ug/cm^ 



When the ^*C-penicillin-TDMAC was coated without polymer, it was removed from the tubing surface in a few 
hours. These results clearly show how incorporation of this polymer into the coating dramatically extends the elution 
40 lime from the surface when extract In plasma. 

Example 16 

Example 15 was repeated using Silastic silicone resin in 1 ,1,1,-Trichloroethane in place of the nitrocellulose solu- 
45 tion. The solution has the foOowing conposition: 



Sflastic Polymer 


1.3 g 


1,1,1-Trichloroethane 


28.7 g 


Toluene 


8.0 g 


^'•C-penicBlin-TDMAC 


2.0 g 



55 

This sample was tested for resistance to extraction in plasma, and for resistance to degradation by ethylene oxide ster- 
ilization. 
Results: 
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Not Extracted 


After 24 hrs. Extraction 


After Five Days Extrac- 








tion 


Silicone tubing 


eSjig/cm^ 


aSjig/cm^ 


27Mg/cm2 


Polyurethane tubing 


18 ng/ciii^ 


SMg/cm^ 


6j»g/cm2 



These results show that incorporation of Silasticp resin into the coating extends the elufion time of the antSjiotic in 
plasma to several days compared to a few hours without the resins. 

After exposure to a typical ethylene oxide steriBzation (ETO) cycle, the samples were tested by classic zone of inhi- 
bition testing. This was done by placing a sample (sterSized or non-sterilized) onto a layer of agar containing bacteria 
and then incubated. The results are reported as the size in mm of the dear zone surrounding the coated article which 
results from the antimicrobial activity of active ^*C-penicillin-TDMAC. 





Before ETO Exposure 


After ETO Exposure 


With Silastic^ 
Without polymer 


11 
26 


10 
0 



This result clearly demonstrates how incorporation of Silasticp polymer into the ^*C-penidllin-TDMAC coating 
greatiy increases the resistance of the antibiotic to degradation caused by exposure to ethylene oxide. 

Example 17 

Example 15 was repeated using polyvinylbutyral (PVB) polymer in toluene in place of the nitrocellulose solution. 
The solution has the following composition: 



Polyvinyttxrtryral 


1.5 g 


toluene 


31.5 g 


'*C-penicillin-TDf»«AC 


2.0 g 



This was coated on silicone and polyurethane tubings, dried, and thai tested for resistance to extraction in plasma, and 
resistance to degradation during an ethylene oxide sterilization by zone of inhibition. The fbllowng results were 
obtained. 





Not Extracted 


After 24 hrs. Extraction 


After Five Days Extrac- 








tion 


Silicone tubing 


18jig/cm^ 


18 ^g/cm2 


16ng/cn^ 


Polyurethane tubing 


12 ng/cm^ 


13u9/cni^ 


lOjig/cm^ 
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Before ETO Sterilization 


After ETO Sterilization 


Wrth PVB Polymer 


25 mm 


IS mm 


Wrthout Polymer 


26 mm 


0 



Clearly. PVB polymer provides significant stabilization to ^^C-penicillin-TDMAC against degradation caused by 
exposure to ethylene oxide. 

Example 18 

Example 1 was repeated using cellulose acetate butyrate polymer (CAB) in place of the nitrocellulose solution. The 
solution has the following composition: 



Cellulose Acetate Butyrate 


2.0 g 


Ethyl acetate 


8.0 g 


Toluene 


17.0g 


^"C-penlcillin-TDMAC 


2.0 g 



This solution was coated on silicone and polyurethane tubings, dried, and tested for resistance to extraction from the 
surface in plasma. It was also tested for resistance to degradation from ethylene oxide exposure. The following results 
were obtained. 





Not Extracted 


After 24 hrs. Extraction 


After Five Days Extrac- 
tion 


Silicone tubing 
Polyurethane tubing 


33 ng/cm^ 
20jig/cm2 


12 ng/cm^ 
12ng/cm2 


17|ig/cm^ 
Tug/cm^ 



CAB polymer clearly increases the resistance of ^^C-penicillin-TDMAC to extraction in plasma. 





Before ETO Sterilization 


After ETO Sterilization 


With CAB Polymer 
Without Polymer 


31 mm 
26 mm 


31 mm 
0 



This resuft shows how CAB polymer provides substantial stabilization to ''^C-penicillin-TDMAC against ETO 
induced degradation. 

The foregoing Examples show how incorporation of these and/or ottier water insoluble polymers clearly improves 
resistance of pharmaceutical agents or pharmaceutical salts of organic ions to esdraction in plasma and against the 
degradation effects from exposure to sterilization with ethylene oxide. At the same time, however, the incorporation of 
polymers still leaves effective concentrations of antibiotic or other pharmaceutical agent available at the coated surface 
as demonstrated by the zone of inhibition test results in Exanples 16, 17 and 18. 

It is ejqjected that different polymers could be used together in a single solution/coating or in contiguous layers to 
further enhance performance and achieve specific results. We have also tested other polymers nixed with the pharma- 
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ceutical agents or organic ion salts of pharmaceuticals and found simaarly useful improvement in resistance to extrac- 
tion by plasma. These include polyisocyanates, aaylicpolymers, vinylacetate. and others. 

Examiides 19, 20, 21 and 22 demonstrate further how various dmgs can be Incorporated into coatings of the inven- 
tion and are suitable for use on medical devices. 

Example 19 

The following solution was made and coated on 1/4' (6.4 mm} ID, 1/16' 2.2 mm) wall thickness polyurethane rings 
and dried at 80°C. 



Cellulose acetate butyrate 


0.3Sg 


Norfloxacin 


0.1 7 g 


Benzylalcohol 


1.58 g 


Toluene 


1.57 g 


□imethylacetamide 


5.25 g 


Butyl Acetate 


1.58 g 



Coated rings were then extracted in artificial urine at 37°C and then tested for zone of inhibition vs. E. coli. The 
coating was still effective up to 35 days in the artificial urine. Coated samples sterilized by EtO were also effective 
zs against E. coli. 

Example 20 

2 ml. sodium methotrexate (25 mg/ml) was placed in a test tube and 4 ml. Ethanol was added. The methotrexate 
30 precipitated out of solution. Tridodecylmethylammonium chloride was added and the test tube was swirled to mix the 
agents. The methotrexate quiddy went into solution as the tridodecylmethylammonium salt This mixture was shaken 
with an equal volume of toluene to separate the water and sodium chloride from the mettiotrexate tridodecylmethylam- 
monium salt. The toluene layer separated on top and had the characteristic yellow color of methotrexate salts. The 
aqueous layer was dear and had no color. The toluene layer was diluted with an equal volume of 2% cellulose acetate 
3S butyrate in Butyrolactone. This was coated on a polyurethane catheter surface and produced a dear layer. 

Example 21 

Three drops of 7.4% solution of gentamidn diloride in 62.5% water, 37.5% dimethylacetamide was diluted with 1 5 
40 drops of glacial acetic acid, and 1.5 ml ethanol. Next, three drops of nitrocellulose in butyrolactone vras added. This 
solution was dear, and produced a dear layer when coated and dried on glass. 

Example 22 

45 The folloMngsdution was coated on glass and dried for 2 minutes at 80°C. 



Merbarone 


0.1 gm 


Dimethysulfoxide 


1.98 gm 


Cellulose acetate butyrate 


0.12 gm 


Ethanol 


2.0 gm 



55 

This solution was dear, and the dried layer on glass was also dear. 
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Claims 

1 . A pharmaceutical composition comprising a pharmaceutical agent which has not been reacted with any ionic sur- 
factant and a water-insoluble cellulose ester polymer which is miscble with the pharmaceutical agent and is at least 
one selected from non-ether cellulose esters, cellulose nitrate, cellulose acetate, cellulose acetate butyrate and cel- 
lulose acetate propionate, the polymer and the pharmaceutical agent having been co-dissolved in a mutual solvem 
or solvent mixture, whereby the composition maintains efficacious activity levels of the pharmaceutical agent for an 
extended period of time. 

2. A composition according to daim 1 , further comprising a hydrophilic polymer 

3. A composition according to daim 2. in which the hydrophilic polymer is polyvinylpyrrolidone. 

4. A conposition according to any preceding daim, in which the pharmaceutical agent Is at least one selected from 
antithrombogenic agents, antibiotic agents and anti-cancer agents. 

5. A composition according to daim 4, in which the phanmaceutical agent is an antibiotic agent selected from quinolo- 
nes, aminoglycosides, cephalosporins, sulfonoamides and tetracyclines and/or an anti-cancer agent selected from 
methotrexate and merbarone. 

6. A composition according to any preceding claim, in which the water-insoluble polymer further comprises at least 
one selected from pdyurethane resins including polyester and polyether types, acrylic polymers, condensation pol- 
ymers, isocyanates and polyacetals. 

7. A composition according to any preceding daim, the concentrations of the pharmaceutical agem and the water- 
insoluble cellulose ester polymer in the solvent or solvent mixture being from 0.1 to 20% by weight and from 0.01 
to 20% by weight, respectively 

8. A medical device having at least a portion of its surface coated by a coating composition comprising a pharmaceu- 
tical agent which has not been reacted with any ionic surfactant and a water-insoluble cellulose ester pdymer 
which is misdble with the pharmaceutical agent, wrtiereby the coating composition maintains efficadous activity 
levels of the pharmaceutical agent for an extended period of tima 

9. A device according to claim 8. in which the coating composition further comprises a hydrophilic polymer. 

10. A device according to claim 9, in which the hydrophilic polymer is pdyvlnylpyrrolidone. 

11 . A device according to any of daims 8 to 1 0, in which the pharmaceutical agent is at least one selected from anti- 
thrombogenic agents, antbiotic agents and anti-cancer agents. 

1 2. A device according to claim 1 1 , in wrtiich the pharmaceutical agent is an antibiotic agent selected from guinolones, 
aminoglycosides, cephalosporins, sulfonoamides and tetracyclines and/or an anti-cancer agent selected from 
methotrexate and mertiarona 

13. A device according to any of daims 8 to 12, in which the waer-insolidde polymer further comprises at least one 
selected from polyurethane resins including polyester and polyether types, acrylic polymers, condensation poly- 
mers isocyanates and polyacetals. 

14. A device according to any of daims 8 to 13, in which the water-insoluble cellulose ester polymer is at least one 
selected from cellulose nitrate, cellulose acetate, cellulose acetate butyrate and cellulose acetate propionate. 

15. A device according to any of daims 8 to 14, in which the pharmaceutical agent is present in a concentration of 
about 0.5% to 99.5% by weight with the balance comprising the water-irtsoluble polymer. 

1 6. A device according to any of claims 8 to 1 5, in which the water-insduble polymer and ttie pharmaceutical agent are 
present in separate layers in which inter-iayer molecular mingling exists at least across the interfeu:e, if not deeper. 

1 7. A method of forming a coating on the surface of a medical device to be brought into contact with human or animal 
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body fluids, the method comprising 

(a) providing a coating solution which conprises a pharmaceutical agent which has not been reacted with any 
ionic surfactant and a water-insoluble cellulose ester polymer which is miscible with the pharmaceutical agent, 

5 the polymer and the pharmaceutical agent having been co-dissolved in a mutual solvent or solvent mixture, 

(b) applying the coating solution to the surface of the device, and 

(c) allowing the solution to dry. 

18. A method of forming a coating on the surface of a medical device to be brought into contact with human or animal 
10 body fluids, the method comprising 

(a) providing 

0) a first coating solution comprising a pharmaceutical agent which has not been reacted with any ionic 
IS surfactant and a solvent or solvent mixture therefor and 

(ii) a second coating solution comprising a water-insoluble cellulose ester polymer which is miscible with 
the pharmaceutical agent and a solvent or solvent mixture therefbr 

(b) af^lying the first and second coating solutions separately to the surface of the device, and 
20 (c) allowing the solutions to dry. 

19. A method of forming a coating on the surface of a water-insoluble cellulose ester polymer, the method comprising 

(a) providing a coating solution which comprises a pharmaceutical agent which has not been reacted with any 
25 ionic surfactant and a solvent or solvent mixture therefor 

(b) applying the coating solution to a surface of the water-insoluble cellulose ester polymer, and 

(c) allowing the solution to dry 

20. A method according to daim 17 or 18, in which the concentration of the water-insoluble cellulose ester polymer in 
30 its respective coating solution is 0.01% to 20% by weight of the solution. 

21. A meUiod according to claim 1 7. 18 or 20, in which the coating solution containing the water-insoluble polymer fur- 
ther comprises at least one selected from polyurethane resins including polyester and pdyether types, acrylic pol- 
ymers, condensation polymers, isocyanates and polyacetals. 

35 

22. A method according to claim 1 7, 1 8, 20 or 21 , in which the pharmaceutical agent Is present in the final coating in a 
concentration of about 0.5% to 99.5% by weight with the balance comprising the water-insoluWe polymer. 

23. A method according to claim 17, 18, 20. 21 or 22, in which the water-insoluble polymer and the pharmaceutical 
« agent are present in the final coating in senate layers in which inter-layer molecular mingling exists at least across 

the interface, if not deeper. 

24. A method according to any of claims 1 7 to 23, in virtiich the concentration of the pharnraceutical agent in its respec- 
tive coating solution is 0.1% to 20% by weight of the solution. 

15 

25. A method according to any of claims 17 to 24, in which the pharmaceutical agent is at least one selected from anti- 
thronti^ogenic agents, antibiotic agents and anti-cancer agents. 

26. A method according to daim 25, in which the pharmaceutical agent is an antibiotic agent selected from quinolones. 
so aminoglycosides, cephalosporins, suftjhonoamides and tetiBcydines and/or an anti-cancer agent selected from 

methofrexate and merbarone. 

27. A method according to any of daims 1 7 to 26, in which the water-insolidUe cellulose ester polymer is at least one 
selected from cellulose nitrate, cellulose acetate, cellulose acetate butyrate and cellulose acetate propionate. 

£5 

28. A method according to any of claims 17 to 27. in which the or at least one coating solution further comprises a 
hydrophilic polymer. 
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29. A method according to daim 28. in which the hydrc^hilic polymer is polyvinylpyrrolidone. 

30. A medical device having at least a portion of its surface coated by a method according to any of daims 1 7 to 29. 

31. A medical device according to any of claims 8 to 15 and daim 30 when dependent on any of claims 17, 18,20,21, 
22 and 23, in which the coated portion is at least one of glass, metal and plastic. 

32. A medical device according to any of claims 8 to 1 6. 30 and 31 . the device being a catheter, a fluid drainage device, 
a suction or aspiration device or an artificial blood vessel, heart or kidney 

Patentanspruche 

1. Pharmazeutische Zusammensetzung, umfassend ein pharmazeutisches Mittel. das nicht mit einem ionischen 
oberfiachenakliven Mittel umgesetzt worden ist, und ein wassenjntOsliches Celluloseester-Polymeres, das mitdem 
l^armazeutischen Mittel mischbar ist, wobei es sich um mindestens einen unter Nichtether-Celluloseestern, Cel- 
lulosenitrat, Celluloseacetat, Celluloseacet(A}utyrat und Celluloseacetopropionat ausgewahlten Bestandteil han- 
delt. wobei das Polymere und das pharmazeutische Mittel gemeinsam in einem fOr beide Bestandteile geeigneten 
LOsungsmittel Oder LOsungsmittelgemisch gelOst sind. wobei die Zusammensetzung fur eine langere Zeitspanne 
wirksame Aktivitdtsspiegel des pharmazeutischen Mittels aufrechterhdlt. 

2. Zusammensetzung nach Anspruch 1 , ferner umfassend ein hydrophiles Polymeres. 

3. Zusammensetzung nach Anspruch 2, wobei es sich beim hydrophilen Polymeren um Polyvinylpyrrolidon handelt. 

4. Zusammensetzung nach einem der vorstehenden Ansproche, wobei es sich beim pharmazeutischen Mittel um 
mindestens einen unter antithrombogenen Mittein, antibiotischen Mittein und Antikrebsmrttein ausgewahHen 
Bestandteil handelt. 

5. Zusammensetzung nach Anspruch 4, wobei es sich beim pharmazeutischen Mittel um ein unter Chinolonen. Ami- 
noglycosiden. Cephalosporinen, Sulfonamiden und Tetracyclinen ausgewdhltes aniibtotisches Mittel und/oder um 
ein unter Methotrexat und Mert)aron ausgewShltes Antikrebsmittel handelt. 

6. Zusammensetzung nach anem der vorstehenden AnsprOche. wobei das wasserunlflsltehe Polymere zusatzlich 
mindestens einen unter Polyurethanharzen unter EmschluB von Harzen vom Polyester- und Polyethertyp, Acrylp- 
olymeren, Kondensationspdymeren, Isocyanaten und Polyacetalen ausgewahlten Bestandteil umfaBt. 

7. Zusammensetzung nach einem der vorstehenden AnsprOche, wobei die Konzentrationen des pharmazeutischen 
Mittels und des wassemnlOslichen Cellutoseester-Polymeren im LOsungsmittel oder LOsungsmittelgemisch 0,1 bis 
20 Gew.-% bzw. 0.01 bis 20 Gew.-% betragen. 

8. Medizinische Vomchtung. bei der mindestens ein Teil ihrer OberflSche mil einer Oberzugsmasse beschlchtet ist, 
die ein pharmazeutisches Mittel, das nicht mit einem ionischen oberf Idchenaktiven Mittel umgesetzt warden Ist, 
und ein wasserunlOsliches Celluloseester-Pdymeres lonfaBt das mit dem. pharmazeutischen Mittel mischbar ist, 
wobei die Oberzugsmasse fOr eine langere Zeitspanne wirksame M4ivitatsspiegel des pharmazeutischen Mittels 
aufrechterhaH 

9. Vorrichtung nach Anspruch 8, wobei die Oberzugsmasse ferner an hydrophiles Polymeres umlaBt 

1 0. Vomchtung nach Anspruch 9. wobei es sich beim hydnjphilen Polymeren um Polyvinylpyn-olidon handelt. 

1 1 . Vomchtung nach einem der AnsprOche 8 bis 10, wobei es sich beim pharmazeutischen Mittel um mindestens einen 
unter antithrombogenen Mittein. antibiotischen Mittein und Antikr^mitteln ausgewahlten BestandteH handelt. 

1 2. Von-ichtung nach Anspruch 1 1 , wobei es sich beim pharmazeut" schen Mittel um ein unter Chinolonen, Aminogly- 
cosiden. Cephalosporinen, Sulfonamiden und Tetracydinen ausgewahltes antibiotisches Mittel und/oder um ein 
unter Methotrexat und Merbaron ausgewahltes Antikrebsmittd handelt 

13. Vomchtung nach einem der AnsprOche 8 bis 12. wobei das wasserunlOsliche Polymere ferner mindestens einen 
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unter Polyurethanharzei unfer EinschluS von Harzen vom Polyester- und Polethertyp. Acrylpdymeren, Kbndensa- 
tionspolymeren. Isocyanaten und Polyacetalen ausgewahlten Bestandteil umfaBt. 

14. Vorrichtung nach einem der AnsprQche 8 bis 13. wobei es sich bam wasserunlOslichen Celluloseester-Polymeren 
urn mindestens &nen unter Cellulosenitrat. Celluloseacetat, Celluloseacetobutyrat und Celluloseacetopropionat 
ausgewahlten Bestandteil handelt. 

1 5. Vorrichtung nach einem der AnsprOche 8 bis 1 4, wobei das pharmazeutische Mittel in einer Kbnzentration von etwa 
0,5 bis 99,5 Gew.-% vorhanden ist und der Rest das wasserunlOsliche Polymere umbBt 

1 6. Vorrichtung nach einem der AnsprQche 8 bis 1 5, wobei das wassenjnlAsliche Polymere und das pharmazeutische 
Mittel in getrennten Schichten vorliegen. bei denen eine Zwischenschicht-MolekOlvermengung zuirandest im 
Bereich der Grenzfiache - wenn nichttiefer - vorliegt 

17. Verfehren zur Bildung eines Oberzugs auf der Grenzfiache einer medizinischen Vorrichtung, die in Kontakt mit 
menschlichen oder tierischen KOrperflQssigkeiten zu bringen ist wobei das Verfahren fbigendes umlaBt: 

(a) Bereitstellen einer BeschichlungslOsung, die ein pharmazeutisches Mittel, das nicht mit einem ionischen 
oberflachenaktiven Mittel umgesetzt worden ist. und ein wasserunBsliches Celluloseesler-Polymeres umfaBt. 
das mit dem phamiazeutischen Mittel mischbar ist. wobei das Polymere und das pharmazeutische Mittel in 
einem fur beide Bestandteile geeigneten Ijesungsmrttel oder Lasungsntitteigemisch gemeinsam in Ldsung 
gebracht worden sind. 

(b) Auftragen der Beschichtungslflsung auf die Oberf Bche der Von'ichtung und 

(c) Trocknenlassen der LOsung. 

18. Verfahren zur Bildung eines Oberzugs auf der Oberfiache einer medizinischen Vorrichtung. die in Kontakt mit 
menschlichen oder tierischen KOrperflOssigkeiten zu.bringen ist wobei das Verfahren fbigendes umfaBt 

(a) Bereitstellen 

(i) einer ersten Beschichtungsiasung, die ein phannazeutisches Mittel. das nicht mit einem ionischen 
oberliachenaWiven Mittel umgesetzt worden ist. und ein LOsungsmittel oder LOsungsmittelgemisch dafOr 
umlaDt. und 

(ii) einer zweiten BeschichtungslOsung, die ein wasserunlOsliches Celluloseester-Polymeres, das mit dem 
pharmazeutischen Mittel mischbar ist und ein LOsungsmittel oder LOsungsmittelgemisch hierfOr umfaBt 

(b) getrenntes Auftragen der ersten und zweiten BeschichtungslOsung auf die Oberfiache der Vorrichtung und 

(c) Trocknenlassen der LOsungen. 

19. Verfahren zur Bildung eines Qberaugs auf der Oberfiache eines wasserunlOslichen Celluloseester-Polymeren. 
wobei das Verfahren folgendes umfaSt 

(a) Bereitstellen einer BescWchtungslOsung. die ein pharmazeutisches Mittel. das nicht mit ionischen oberfla- 
chenaktiven Mittein umgesetzt worden ist und ein Lflsungsmittel oder LOsungsmittelgemisch hierfur umfaBt, 

(b) Auftragen der BeschichtungslOsung auf eine Oberfiache des wasserunlOslichen Celluloseester-Polymeren 
und 

(c) Trocknenlassen der IjOsung. 

20. Verfahren nach Anspruch 17oder 18. wobei die Kbnzentration des wasserunlOslichen Celluloseester-Polymeren in 
der jeweaigen BeschichtungslOsung 0,01 bis 20 Gew.-% der LOsung betragt 

21. Verfehren nach Anspruch 17. 18 Oder 20. wobei die das wasserunlOsliche Polymere enthaltende BeschichtungslO- 
sung femer mindestens einen unter Polyurettianharzen unter BnschluB von Harzen vom Polyester- und Polyether- 
typ. Acrylpolymeren. Kondensationspolymeren. Isocyanaten und Polyacetalen ausgewahlten Bestandteil umfaBt. 



22. Verfahren nach Anspruch 17, 18. 20 Oder 21. wobei das pharmazeutische Mittel im fertigen Oberzug in einer Kon- 
zentration von etwa.0,5 bis 99,5 Gew.-% vortianden ist und der Rest das wasserunlOsliche Polymere umfalJt 
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23. Verfahren nach Anspruch 1 7, 18, 20. 21 oder 22. wobei das wasserunlOsliche Polymere und das pharmazeutische 
Mittel im fertigen Oberzug in getrennten Schichten vorliegen, wobei eine Zwischenschicht-Mdekulvermengung 
zumindest im Bereich der Grenzf Bche • werm nicht tiefer - vorliegt 

24. Verfahren nach einem der Anspruche 17 bis 23, wobei die Kbnzentration des pharmazeutischen Mittels in der 
jeweiligen BeschichtungslOsung 0,1 bis 20 Gew.-% der IjQsung betragt 

25. Verfahren nach einem der AnsprOche 1 7 bis 24, wc*3ei es sich belm pharmazeufischen Mittel um mindestens einen 
unter antithrombogenen Mittein, antSiiotischen Mittein und Antikrebsmitteln ausgewahlten Bestandteil handelt. 

26. Verfahren nach Anspruch 25, wobei es sich beim pharmazeutischen Mittel um ein unter Chinolonen. Aminoglyco- 
siden, Cephalosporinen, Sulfonamiden und Tetracydinen ausgewahltes antibiotisches Mittel und/oder um ein unler 
Methotrexat und Merbaron ausgewShites Antikrebsmittel handelt. 

27. Verfahren nach einem der AnsprOche 17 bis 26, wobei es sich beim wasserunlOslichen Celluloseester-Polymeren 
um mindestens einen unter Cellulosenitrat Celluloseacetat, Celluloseacetobutyrat und Ceiluloseacetopropionat 
ausgewahlten Bestandteil handelt 

28. Verfahren nach einem der AnsprOche 17 bis 27, wobei die BeschichtungslOsung oder die mindestens eine 
BeschichtungslOsung ferner ein hydrophiles Polymeres umfaBt. 

29. Verfahren nach Anspruch 28, wobei es sich beim hydrophiien Polymeren um Polyvinylpyrrolldan handelt. 

30. Medizinische Vorrichtung. bei der mindestens ein Teil ihrer Oberf lache durch ein Verfahren nach einem der AnsprO- 
che 17 bis 29 beschichtet worden ist 

31. Medizinische Vorrichtung nach einem der Anspruche 8 bis 15 und 30 unter Ruckbeziehung auf einen der AnsprO- 
che 17, 18, 20, 21, 22 und 23, wobei es sich beim beschichteten Bereich um mindestens einen der Bestandteile 
Glas, Metall und Kunststoff handelt. 

32. Verfahren nach einem der AnsprOche 8 bis 16, 30 und 31 , wobei es sich bei der Vorrichtung um einsn Katheter. um 
eine FIQssigkeitsdrainagevon'ichtung, eine Saug- oder Absaugvorrichtung oder ein kOnstliches BlutgefaB, ein 
kunsUiches Herz oder eine kunstfiche Niere handelt 

Revendicatlons 

1 . Composition pharmaceutique conprenant un agent pharmaceutique qui n'a pas 6t6 amend k r^gir avec un ten- 
sio-actif ionique quelconque et un polymere d'ester cellulos'que insoluble dans I'eau qui est miscible avec I'agenI 
pharmaceutique et qui est au moins un choisi parmi les esters celiulosiques non 4ther, le nitrate de cellulose, \'ac6- 
tate de cellulose, I'acdtate et butyrate de cellulose et I'ac^tate et propionate de cellulose, le polym^e et I'agent 
pharmaceutique ayant 6t6 co-dissous dans un solvant mutuel ou un melange de solvants, ainsi la composition con- 
sen^e des degrte d'acfivitd efficacesde I'agent pharmaceutique pendant une dur^e prolong^. 

2. Composition selon la revendicatiwi 1 , comprenant de plus un polymere hydrophile. 

3. Composition selon la revendication 2, dans laqueHe le polymfere hydrophile est la polyvinyl-pyrrolkJone. 

4. Composition selon rune quelconque des revendicatlons 1 k 3, dans laquelle I'agent pharmacartique est au moins 
un choisi parmi les agents antithronnbdgfenes, les agents antibiotiques et les agents anticanc6reux. 

5. Composition selon la revendication 4, dans laquelle I'agent phannaceutique est un agent anttoiotique choisi parmi 
les quindones, les antinoglycosides, les c^phalosporines, les sulfbnoamides et les tetracyclines et/ou un agent 
anti-canc6reux choisi parmi la methotrexate et la merbarone. 

6. Composition selon Tune quelconque des revendicatlons 1 k 5, dans laquelle le polymire insoluble dans I'eau com- 
prend de plus au moins un choisi parmi les r6sines polyur6lhanne induant les types polyester et polydther, les 
polymeres acryilques, les polymeres de condensation, les Isocyanates et les polyacetals. 
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7. Coinposition selon I'une quelconque des revendications 1 d 6, les concentrations de I'agent pharmaceutique et du 
polym^re d'ester cellulosique insoluble dans I'eau dans le solvant ou le melange da solvants 6tant respectivenient 
de 0,1 & 20% en poids etde 0.01 & 20% en poids. 

8. Di^xtsitii m^ical ayant au moins une partie de sa surface revStue par une conposition de revetement comprenant 
un agent pharmaceutique qui n'a pas 616 amend k rtogir avec un tensio-acb'f ionique quelconque et un pdym^re 
d'ester cellulosique insoluble dans I'eau qui est miscible avec I'agent pharmaceutique. ainsi la composition de revg- 
tement maintient des degrte d'activitd efficaces de I'agent pharmaceutique pendant une dur^e prolongde. 

9. Dispositif selon la revendication 8, dans lequel la composition de revStement comprend de plus un polym^e hydro- 
phne. 

10. Disposrtii selon la revendication 9. dans lequel le polym^re hydrophile est la polyvinylpyrrolidone. 

11. Dispositif selon I'une quelconque des revendications 8^10, dans lequel I'agent pharmaceutique est au moins un 
choisi parmi les agents antithrombog^nes, les agents antibiotiques et les agents anticancdreux. 

1 2. Dispositif selon la revendication 1 1 . dans lequel I'agent pharmaceutique est un agent antibiotique choisi parmi les 
quinolones, les aminoglycosides, les cephalosporines. les sulfonoamides et les 16tracyclines et/ou un agent anti- 
cancireux choisi parmi le methotrexate et la merbarone. 

13. Dispositif selon I'une quelconque des revendications 8 k 12, dans lequel le polym6re insoluble dans I'eau com- 
prend de plus au moins un choisi parmi les r6sines polyur6thanne induant les types polyester et poly6ther. les 
polym^res acryliques, les polym^res de condensation, les isocyanates et les polyacdtals. 

14. Dispositif selon Tune quelconque des revendications 8*13, dans lequel le polym6re d'ester cellulosique insoluble 
dans I'eau est au moins un choisi parmi le nitrate de cellulose, I'acdtate de cellulose, I'acdtate et butyrate de cellu- 
lose et I'acetate et propionate de cellulose. 

15. Dispositif selon I'une quelconque des revendications 8414. dans lequel I'agent pharmaceutique est present dans 
une concentration d'environ 0,5% k 99.5% en poids, le complement comprenant le polymfere insoluble dans I'eau. 

1 6. Dispositif selon I'une quelconque des revendications 8*15. dans lequel le polymSre insoluble dans I'eau et I'agent 
pharmaceutique sort presents en couches s6par6s dans lesquelles I'entremSlement mol6culaire inter-couches 
existe au moins k travers llnterface, sinon plus profond6mert. 

17. Proc6d6 de formation d'un revfetemert sur la surface d'un dispositif medical k amener en contact avec des fluides 
corporels humains ou animaux, le proced6 comprenant les etapes consistent: 

(a) k fournir une solution de revfitemert qui comprend un agent pharmaceutique qui n'a pas 616 amen6 k r6a- 
gir avec un tensio-actif ionique quelconque et un polym6re d'ester cellulosique insoluble dans I'eau qui est mis- 
cible avec I'agent pharmaceutique. le polym6re et I'agent phamiaceutique ayant 6t6 co-dissous dans un 
solvant mutual ou un melange de solvants; 

(b) k appliquer la solution de revetement sur la surface du dispositif; et 

(c) k laisser secher la solution. 

18. Proc6d6 de formation d'un rev&tement sur la surface d'un dispositif medical k amener en confact avec des fluides 
corporels humains ou animaux, le precede comprenant les etapes consislant: 

(a) k fournir 

G) une premiere solution de revStemeiit comprenant un agent phamiaceutique qui n'a pas 616 amen6 k 
reagir avec un tensio-actif ionique quelconque et un solvant ou melange de solvants pour celui-d; 
(ii) une deuxifeme solution de revetement comprenam un polymere d'ester cellulosique insoliWe dans 
I'eau qui est miscible avec I'agent phamiaceutique et un solvant ou melange de solvants pour celui-ci; 



(b) k appliquer la premiere et la deuxieme solutions de revStemeni s^aremert k la surface du dispositif; et 

(c) ci laisser secherles solutions. 
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1 9. Proc^e de formation d'un revgtement sur la surface d'un polym^re d'ester cellulosique insoluble dans I'eau, le pre- 
cede comprenant les etapes consistant: 

(a) k fburnir une solution de revStement qui comprend un agent pharmaceutique qui n'a pas ei6 amend ^ rea- 
gir avec un tensio-actif ionique quelconque et un solvant ou melange de solvants pour celul-ci; 

(b) k appliquer la solution de rev§tement h une surface du polymgre d'ester cellulosique insoluble dans I'eau; et 

(c) k laisser s^er la solution. 

20. Proc^d selon la revendicab'on 17 ou 18. dans iequel la concentration en le polym^e d'ester cellulosique insolutile 
dans I'eau dans sa solution de revStement respective est de 0,01% a 20% en poids de la solution. 

21 . Proc^6 selon la revendication 1 7, 1 8 ou 20, dans Iequel la solution de revgtement contenant le polym^re insoluble 
dans I'eau comprend de plus au moins un choisi parmi les risines polyurdthanne Incluant les types polyester et 
polyether, les polym^res acryliques, les polym^es de condensation, les isocyanates et les polyac6tals. 

22. Proc666 selon la revendication 1 7, 1 8, 20 ou 2 1 , dans Iequel I'agent pharmaceutique est prteent dans le revete- 
ment final k une concentration d'environ 0,5% k 99,5% en poids, le complement comprenant le polym^re insoluble 
dans I'eau. 

23. Proc^d selon la revendication 17, 18, 20, 21 ou 22, dans Iequel le polym^e insoluble dans I'eau et I'agent phar- 
maceutique sont prteents dans le revitement final en couches separdes dans lesquelies I'entremeiement molicu- 
lalre inter-couches existe au moins a travers I'interface, sinon plus profond^ent. 

24. Proc^e selon I'une quelconque des revendications 17 d 23, dans Iequel la concentration en I'agent phannaceuti- 
que dans sa solution de revgtement respective est de 0, 1 % d 20% en poids de la solution. 

25. Proc^d selon I'une quelconque des revendications 17 d 24, dans Iequel I'agent pharmaceutique est au moins un 
choisi parmi les agents antithrombog^nes, les agents antibiotiques et les agents anti-cancdreux. 

26. Proc^e selon la revendication 25, dans Iequel I'agent pharmaceutique est un agent antibiotique choisi parmi les 
quinolones, les aminoglycosides, les cdphaiosporines. les sulfonoamides et les t^-acydines ei/ou i'agent anti-can- 
cdreux choisi parmi le methotrexate et la merbarone. 

27. Precede selon I'une quelconque des revendications 1 7 d 26, dans Iequel le polymere d'ester cellulosique insoluble 
dans I'eau est au moins un choisi parmi le niti^ate de cellulose, Tacetate de cellulose, I'acetate et butyrate de cellu- 
lose et I'acetate et pr<^ionate de cellulose. 

28. Precede selon Tune quelconque des revendications 17 d 27, dans Iequel la ou au moins une solution de revSte- 
ment comprend de plus un polymfere hydrophile. 

29. Precede selon la revendication 28, dans Iequel le polymere hydrophile est la polyvinyipynrolidone. 

30. Dispositif medical ayant au moins une portion de sa surface revStue par un precede selon I'une quelconque des 
revendications 17 & 29. 

31 . Dispositif medical selon I'une quelconque des revendications 8 ^ 1 5 et la revendication 30 quand il depend de I'une 
quelconque des revendications 17, 18, 20, 21, 22 et 23, dans Iequel la portion revitue est au moins une de verre, 
de metal et de matiere plastique. 

32. Dispositif medical selon I'une quelconque des revendications 8 & 1 6, 30 et 31 . le dispositif etant un catheter, un dis- 
positif de drainage de f luide, un di^sitif de succion ou d'aspiration ou un vaisseau sanguin, un coeur ou un rein 
artifidels. 
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